Abstract. Representative adenoviruses from four of the five major virus subgroups have been shown to interact with the 46-kDa coxsackievirus and adenovirus receptor (CAR) that is widely expressed on many human cell types, suggesting that the ability to bind CAR may be a conserved feature of many of the -50 known adenovirus serotypes. Receptor binding is a function of the distal 'knob' domain of the trim eric viral fiber protein.
Here we review recent structural characterizations of knob, CAR and knob-CAR complexes, and we discuss how knob architecture may have evolved to accommodate opposing selective pressures to vary anti-genic structure while conserving receptor binding specificity. In contrast to the hypervariability of the solvent-exposed surface of knob, the CAR receptor was found to be non-polymorphic.
Introduction
The mechanism of adenovirus (Ad) attachment to the host cell plasma membrane has been revealed in detail by research over the past 10 years. It has long been known that receptor binding activity is associated with the viral fibers, trimeric spike proteins that protrude radially from the vertices of the icosahedral capsid (PHILIPSON et al. 1968 ). In some adenovirus serotypes, fiber and other virus structural proteins are synthesized in excess and accumulate in the cell nucleus during late stages of infection. Fiber protein can be readily purified from lysates of cells infected with subgroup C viruses, for example Ad2 and Ads (BOULANGER and PUVION 1973) . Addition of purified fiber protein to virus suspensions during adsorption strongly inhibits infection, indicating that fiber and intact virus particles compete for binding sites on host cells (PHILIPSON et al. 1968; HAUTALA et al. 1998) . Cell binding studies using purified radiolabeled fiber demonstrated that fiber binds specifically and with high affinity to the cell plasma membrane, and that cell lines typically used for laboratory propagation of adenovirus have approximately 10 4 highaffinity receptor sites per cell (PERSSON et al. 1985; FREIMUTH 1996) . Similar numbers of high-affinity binding sites for radiolabeled intact virus particles also were observed (SETH et al. 1994) . Adenovirus fibers have two distinct structural domains, a rod-like shaft which is attached to the capsid vertex by an amino-terminal anchor, and a distal globular domain referred to as the knob or head domain. The shaft domain consists of repetitive sequence motifs that vary in number between different serotypes and fold into a novel coiled-coil type structure (STOUTEN et al. 1992 ; VAN RAAIJ et al. 1999) . The domain boundary between the shaft and knob is, therefore, easy to recognize in alignments of fiber protein sequences from different serotypes. Knob domains from several different serotypes have been produced as recombinant protein fragments in insect cell and bacterial expression systems, and this led to the key observation that receptor binding activity is associated with the knob domain (HENRY et al. 1994; LOUIS et al. 1994) . Recombinant knobs from some serotypes assemble into trimers in heterologous expression
